This paper surveys the Ettingshausen coefficient (EC) in the compositional semiconductor superlattice (CSSL) under the influence of electromagnetic wave (EMW) by using the quantum kinetic equation for electrons. The analytical expressions of the Ettingshausen coefficient are numerically calculated for the GaAs/AlGaAs compositional semiconductor superlattice. The survey results show that the appearance of EMW changed the EC's value and the EC decreased nonlinearly when the temperature increased. The study of the dependence of EC on the magnetic field discovers that the superlattice period strongly affects the quantum magnetothermoelectric effect. Accordingly, when the superlattice period is small, the quantum EC resonance peaks appear and when the superlattice period is large, resonance peaks disappear. The quantum theory of the magneto-thermoelectric effect was studied from low temperature to high temperature. The result overcomes the limitations of the Boltzmann kinetic equation which was studied at high temperatures. The results are new and can serve as a basis for further development of the theory of magneto-thermoelectric effects in low-dimensional semiconductor systems.
Introduction 
In recent years, semiconductor materials have been used extensively in electronic devices. This has led to a revolution in science and technology. Therefore, semiconductor materials have attracted much scientists' attention. A recent study of the semiconductor materials is about magneto-thermoelectric effects. The classical theory of Ettingshausen effect in bulk semiconductor was studied in [1] by the
Calculation of Ettingshausen coefficient in compositional superlattice in the presence of electromagnetic wave
Because of the accumulation of electrons on one side of the sample, the number of collisions increases and the heating of the material occurs, which called Ettingshausen effect. In this report, we used quantum kinetic equation to obtain the EC in CSSL in the presence of EMW.
We considered a CSSL is subjected to a magnetic field (0,0, ) B B  and a static electric field 11 
The current density J and thermal flux density e q given by:
The Ettingshausen coefficient: . 
where ik  is the Kronecker delta, ijk  being the antisymmetric Levi-Civita tensor. 
Numerical results and discussion
In this section, we carried out detail numerical calculations of the EC in a specific compostional semiconductor superlatices, in the cases of absence and presence of the electromagnetic wave. For this purpose, we considerGaAs/AlGaAswith the parameters [8, 9] : 50 The figure 1 shows that the dependence of EC in CSSL on magnetic field with different values of the layer GaAs's thickness. The results show that Shubnikov-de Haas oscillations no longer appear like the electron-acoustic phonon interaction in quantum well [5] because of the remarkable contribution of the confined potential of CSSL and the electron-phonon interaction in CSSL. The graph shows that the resonance peaks have appeared. However, the number of resonance peaks mainly depends on the thickness of the layer GaAs. In particular, the number of resonance peaks increases when the thickness I d or II d reduces. That means the smaller the superlattice period is, the stronger the confined electron is and the quantum effect by reducing size becomes more apparent. When the superlattice period is very large, the quantum size effect is small so the resonance peaks gradually disappear.
The figure 2 shows the dependence of EC on temperature with 200 300 TK  . It can be clearly seen that the EC decreases nonlinear with increasing temperature. The outcomes show that the EC decreases sharply in the range 200 230 KK  and the same in the range 230 K  . This result is the same with the empirical results for the EC in p -type germanium with resistivities 30 ohm cm  studied in [10] . Comparing to EC in the quantum well [11] , the EC in CSSL is larger than that in the quantum well. This result is due to the difference in energy spectrum and the wave function of the material. On the other hand, the presence of EMW makes increases the intensity of the EC in comparison to the case the absence of EMW. 
Conclusion
In this report, we analytically investigated EC in the compositional semiconductor superlattice in the presence of the EMW. The electron-phonon interaction is taken into account at high temperatures.
Basing on our new analytical expression of the EC in the compositional semiconductor superlatice under the electron-optical phonon scattering mechanism, we realized that the EC depends on some elements such as: amplitude and frequency of laser radiation, magnetic field and temperature.
Considering the dependence of EC on the magnetic field fields with different values of the layer GaAs's thickness, we found that the resonance peaks have appeared and the number of resonance peaks mainly depends on the superlattice period. On the other hand, in the case of high temperatures, we found that the EC decreases as the temperature increases, which is consistent with the previous experiments. However, the value of EC in CSSL is much bigger in quantum well. These are the latest results that we have already obtained.
